Incorporation of 0.1 to 0.5% of gum acacia to flour from Punjab wheat (HD 2329) on its performance during bread making was investigated using Farinograph, Viscoamylograph, Rheofermentometer, test baking, and Instron procedures. Farinograph water absorption was increased slightly by addition of 0.1 and 0.2% of gum acacia while at higher levels the increase was marginal. Dough development time was increased from 1.0 to 1.5 min at all acacia levels, dough stability tended to decrease, as did mixing tolerance index and valorimeter value with increasing gum acacia incorporation. Viscoamylograph Gelatinization temperature and pasting peak increased slightly but peak viscosity, viscosity after cooking, and set back on cooling decreased with increase in level of gum acacia. Rheofermentometer maximum dough height and maximum height of CO 2 production increased by 2.1 and 19.6 mm respectively at 0.1% gum acacia level followed by further increase with level of gum. Volume of bread improved by all the levels of gum addition. Bread firmness was reduced with an increase in levels of gum as compared to control, up to 96 h of storage.
INTRODUCTION
A variety of widely accepted, enjoyable, and satisfying products are made from wheat, including various types of bread, biscuits, cakes, doughnuts, pasta products, breakfast cereals, and variety of ''chapatti-roti.'' In most countries of the world, wheat is consumed in the form of various types of baked goods. [1, 2] A unique property of wheat flour, and to a limited, rye flour, is its ability to form a dough that retain gases and produces a baked product, particularly leavened bread with desirable eating quality. [2, 3] Various additives have been incorporated as improvers to wheat flour. [4] [5] [6] [7] [8] [9] Such important agents include gums from various sources. [10] [11] [12] Gum acacia is a natural gum exuded by various species of acacia tree. [13] It was used as a binding and emulsifying agent in baked goods, confectionary, and food beverages [14] and to monitor rheological properties of wheat flour. [15] Considering its widespread use and attractive benefits, the present investigation was undertaken to determine the response of rheological, gas formation/retention, baking, and bread firmness properties of Punjab wheat (HD 2329) to the addition of gum acacia.
MATERIALS AND METHODS

Preparation of Sample
Forty kilograms of wheat variety (HD 2329) was procured from PAU Ludhiana 1996-97 harvest. Sample was conditioned to 14% moisture content for 24 h and required sample was milled using a laboratory mill (Brabender Quadrumat Junior) to get wheat flour of 70% extraction. Milled sample was stored in High Density Polyethylene (HDPE) containers at room temperature, till use. Fresh compressed yeast (Tower Brand) was procured from the local market as required. Gum acacia was procured from M/S Qualigens Fine Chemicals, Mumbai, India.
Chemical Characteristics
Moisture, total ash, dry and wet gluten, protein, Falling number (Perten Sweden), damaged starch, and diastase activity were determined according to AACC procedures. [16] The gluten strength was determined using the SDS-sedimentation method. [17] 
Farinographic Characteristics
The constant flour weight method [16] was followed to study the effect of gum acacia incorporation at 0.1, 0.2, 0.3, 0.4, and 0.5% levels on Farinograms using Farinograph (Brabender, Germany). The amount of water required to center the Farinogram curve at 500 BU was measured as percent water absorption (WA).
x ¼ mL water added y ¼ g flour used.
Pasting Properties
Brabender Visco-Amylograph was used to study the pasting behavior of the flour [16] incorporated with gum acacia. Samples (60 g) on 14% moisture basis, containing optional ingredient (gum acacia) of 0.1 to 0.5% on flour weight basis, were mixed with 450 mL distilled water. The contents were mixed to smooth dispersion, transferred to a Visco-Amylograph bowl, brought to 30 C, then heated to 95 C at the rate of 1.5 C/min, held at 95 C for 15 min and cooled at the same rate to 50 C.
Gas Formation and Gas Retention Properties
The Rheofermentometer (Chopin, Tripette and Renund, France) was used to study the effect of various levels of gum acacia on dough development, gas formation, and gas release properties of wheat flour. Weighed quantities of fresh compressed yeast (7 g), salt (5 g), and gum acacia (variable) were dispersed in small quantities of distilled water, taken from the total water. Flour (250 g), water (Farinograph water absorption), yeast, and gum acacia were mixed for optimum dough development in a laboratory pin mixer (National Manufacturing Co. Nebraska, Lincoln, USA). The salt solution was added to the dough during the last stage of mixing. The kneading was finished at 30 C into smooth dough by stretching and folding manually. A portion of the dough (315 g) was placed in the removable basket of the gasometer and a resistance weight (762 g, equivalent to 7.62 g/cm 2 ) was placed directly on the dough. The cover of the vat was fitted with an optical sensor and the test was run for 3 h at 29.5 C. The following observations were recorded:
Hm: Maximum development volume of the dough (mm). h: Development volume of the dough at the end of the test (mm). Hm À h/Hm: Percent drop in development 3 h from T 1 . T 1 : Time (min) at which dough reached its maximum height (Hm). Hm 0 : Maximum height of the gaseous release curve (mm). T 0 1 : Time of maximum gas formation (min). T x : Time at which gas permeability started from the dough (min).
Baking Performance
Straight dough method, [16] 200 g sample on 14% moisture basis (flour weight basis) was used in triplicate for bread making. Breads were prepared after adding 0.1, 0.2, 0.3, 0.4, and 0.5% gum acacia on the flour weight basis. Loaf volume was measured using rapeseed displacement method [18] 1 h after baking. Evaluation of bread was carried out for crust and crumb characteristics i.e., texture, freshness score, and eating quality by a panel of six judges 24 h after preparation as per procedure described. [19] The texture was evaluated in terms of softness and freshness score on a scale of 1 to 6, with 6 for very fresh and 1 for stale and eating quality as normal or gummy. The unsliced loaves were placed in polyethylene bags, coded and stored at 24 C and 65% RH conditions till testing.
Firmness Measurement
After discarding two outside portions (approximately 6 cm at each end), the loaves were slices into 25 mm thick slices and used immediately for measuring firmness on Instron (Model 4464) Universal Testing Machine (Instron Corp., Canton, MA, USA). The rate of compression or crosshead speed was set at 100 mm/ min. Flat aluminum plunger with a diameter of 36 mm (1017.9 mm 2 ), was used to compress the 25 mm thick slice. Slices were compressed to a total compression of 40% according to [16] procedure. The whole procedure was repeated on three different slices from same sample and the firmness values were averaged. The bread firmness measurements were also carried out at 24, 48, 72, and 96 h after baking. [19] RESULTS AND DISCUSSION
Chemical Characteristics
The wheat flour contained 0.5% ash, 10% protein, 28.5% wet, and 10.2% dry gluten and showed 37 mL SDS-sedimentation value. The flour also had low alpha amylase activity as revealed by falling number (606 s), diastase activity (470 mg per 10 g flour), and damaged starch content (6.6%).
Rheological Properties
Farinograph results (Table 1 ) showed a slight increase in water absorption by addition of 0.1 and 0.2% of gum acacia while at higher levels the increase was marginal. Dough development time was increased from 1.0 to 1.5 min at all acacia levels, dough stability tended to decrease, as did mixing tolerance index, and valorimeter value with increasing gum acacia incorporation. Degree of softening 10 min remained unchanged at all the levels of gum acacia. The useful properties of gum are largely due to the physical effects and primarily involve its interaction with water. Gum interacts with protein molecules to provide suspension and solution stability while it provides viscous and emulsification effects due to lipid molecules. By such interactions, gums perform their useful functions related to viscosity, solution stability, and suspendability. [20] The data on pasting properties (Table 1) showed that there was a marginal increase in Gelatinization temperature and pasting peak at and above 0.1% level of gum acacia. Peak viscosity, viscosity at 95 C, ORDER REPRINTS viscosity after 15 min cooking at 95 C and viscosity at 50 C decreased at all the levels of gum acacia incorporation. The set back value which is regarded as a measure of gelling ability or ''retrogradation tendency'' [21] decreased by 150 BU at 0.5% level of gum than control.
Gas Formation and Gas Retention Properties
The data on gas formation and gas retention properties ( Table 2) revealed that the maximum dough height (Hm), increased with the addition of gum acacia from 27.7 mm for control to 51.3 mm at 0.5% level. The time T 1 at which maximum dough height occurred, remained almost constant up to 0.3% level and increased considerably there after. The data with respect to CO 2 production and retention revealed that the maximum height of CO 2 production (Hm 0 ), increased with the increase in level of gum acacia. Time of maximum gas formation (T 0 1 ), decreased by 24 min while total volume of CO 2 production increased by 525 mL. The retention volume increased by 373 mL at 0.5% level. This increase may be attributed to an increase in water absorption and protein content imparted by gum acacia.
Bread Characteristics
The effects of acacia gum on other bread quality have been presented in Table 3 . The crust shape was normal and color was golden brown for all the samples. The crumb was cremish white with medium fine uniform grain in all the cases. Volume of the bread increased with an increase in level of the gum. The texture of the breads changed from soft up to 0.3% level to very soft for 0.4 and 0.5% addition of gum acacia. Bread firmness evaluation revealed an increase in softness of crumb by the incorporation of gum acacia. [19] Instron Firmness Bread firmness measured by Instron Universal Testing machine (Fig. 1 ) revealed a decrease in mean firmness value with the increasing gum acacia levels. Storage resulted in an increase in firmness values, however, this effect was reduced with the increase in level of gum. This decrease in firmness of bread by incorporation of gum could be due to the increased water absorption and prevention of movement of moisture from starch to gluten by diffusion, which otherwise is responsible for staling. [22] Decrease in the Amylograph set back value may also be responsible for decrease in bread firmness with increase in levels of gum acacia incorporation.
CONCLUSION
The findings of this study highlight an increase in maximum gas formation, gas retention, and softness, with levels of gum acacia incorporation. Gum acacia has been approved for use as a stabilizer, emulsifier, thickener, suspender, bodying agent or foam enhancer in foods and generally regarded as safe (GRAS) by the US-FDA. [23] The prevention of Food Adulteration Act (PFA, India) has allowed this gum for use in the baking to avail its benefits. Gum acacia can be used up to 0.3% levels to monitor rheological, gas formation, gas retention, baking, and bread firmness properties of the medium protein wheat flour. 
